To obtain a clue for the metabolic disorder of glycosaminoglycans (GAG) in connective tissue diseases (CTD), a device of screening test for excretion pattern of urinary GAG was achieved. The crude GAG were separated from voluntary 100-20 ml urine by precipitation with cetylpyridinium chloride, followed by digestion with pronase P. The crude GAG were then separated by one-dimensional Separax (cellulose acetate membrane) electrophoresis in 0.2 M aqueous calcium acetate.
GAG, in terms of hexosamine, in each GAG-band were quantitated after extraction from the strip with water.
All the urines examined gave three regular bands, bands 1, 2 and 3, but urines from most of the pupils at puberty and from several adults gave irregular bands, besides the regular ones. As for the regular bands, a significant difference was observed in percent distribu tion of bands 1, 2 and 3 between the samples from male and female of the normal youth aged 20-29, and excretion pattern of three regular bands reached to an adult type much younger in female than in male. GAG in the regular bands were identified as follows: band 1, partially desulfated chondroitin sulfates A and C; band 2, dermatan sulfate plus low-sulfated chondroitin sulfates (LSC) in most cases; band 3, heparan sulfate plus LSC in most cases. Usefulness in clinical field of the screening test is indicated. -glycosaminoglycan; urinary glycosamino glycans; human urine
Heritable disorders in the metabolism of glycosaminoglycans (GAG), ac companying abnormal excretion of urinary GAG, have been elucidated in genetic mucopolysaccharidoses (Dorfman and Matalon 1976) . Since some disorder was also conceivable in the metabolism of GAG in other connective tissue diseases (CTD), we have been studying urinary GAG of the patients with CTD, and abnormal excretion of the following GAG in several CTD was observed: hyaluronic acid in Werner syndrome (Tokunaga et al. 1975 
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(recessive type) (Igarashi et al. 1978 ) and progeria (Hutchinson-Gilford syndrome) (Tokunaga et al. 1978a ) ; dermatan in epidermolysis bullosa dystrophica et albopapuloidea (Pasini) (Endo et al. 1974 ) ; partially degraded heparan sulfate and chondroitin sulfate in Rothmund Thomson syndrome (Tokunaga et al. 1978b ). In addition, Murata et al. (1970 Murata et al. ( , 1973 reported that increased excretion of chondroitin sulfate isomers and heparan sulfate in the urines of the patients with some systemic CTD and Weber Christian disease, respectively. The data thus far obtained are, however, so scarce that comprehensive studies on urinary GAG are necessary to elucidate the metabolic disorder of GAG in various CTD.
To obtain a clue for the metabolic disorder of GAG in CTD, a device of screening test for excretion pattern of urinary GAG was achieved. The device was based on the procedures of Ohkawa et al. (1972) for separation of urinary crude GAG, followed by quantitation of GAG by Separax (cellulose acetate membrane) electrophoresis according to the method of Endo and Yosizawa (1975 Electrophoresis was carried out as described in Fig. 1 . a, b, g, i, k, I and n, Cases a, b, g, i, k, 1 and n, respectively, in Table 2. indicating that the components in band 1 were partially desulfated chondroitin sulfates A and C.
b) Chondroitinase ABC digestion. The crude GAG were digested with chon droitinase ABC. Bands 1 and 2 were not detected on the electrophoretogram of the digest (Fig. 1C) , indicating that main component of band 2 was dermatan sulfate, since main component in band 2 was not susceptible to chondroitinase AC-II as described above. c) Heparitinase digestion and nitrous acid treatment . The crude GAG were digested with heparitinase. Band 3 was not detected distinctly on electrophore togram (Fig. 1D) , indicating that main component in band 3 was heparan sulfate . Identical result was obtained by the nitrous acid treatment of the crude GAG (Fig .  1E ).
Excretion pattern of GAG in normal human urine with age Percent distribution in total of urinary GAG, in terms of hexosamine , in the bands obtained by Separax electrophoresis from normal children and adults are shown in Tables 1-6. All the samples gave regular bands. Besides these bands , most of the samples from pupils in junior high school (Tables 2 and Fig . 3 ) and •õ Standard deviation. •õ Name of the other band.
•ö Standard deviation, Fig. 4 . Change in the proportion of bands 1, 2 and 3 in sum of these regular bands of urinary GAG with age.
several samples in Tables 3-6 gave irregular bands. These irregular bands migrated more slowly than band 3, and were designated as bands 4, 5, 6, 7, and 8, in the order from greatest to least of the electrophoretic mobility as shown in Fig. 3 . Among these bands, band 4 disappeared after digestion with chondroitinase AC-II, but the components in bands 5-8 were not susceptible to this enzyme and were positive for the periodic acid-Schiff (PAS) staining for carbohydrate (Endo et 
Distribution of low-sulfated chondroitin sulfates (LSC)
Since it has been shown that normal human urine contain LSC (Ohkawa et al. 1972; Endo et al. 1980b , c), the partially desulfated preparations of chondroitin sulfates A and C were examined by Separax electrophoresis. The preparations obtained by methanolysis for 24 and 48 hr migrated similar to the regular bands (Fig. 5 ). These observations, together with the results of chondroitinase AC-II digestion, suggested that bands 2 and 3 contained LSC. Therefore, the hexosamine contents in three regular bands of representative adult samples were quantitated before and after digestion with chondroitinase AC-II (Table 7) . The results showed that certain amounts of LSC usually coexisted with dermatan sulfate and heparan sulfate in bands 2 and 3, respectively, although the amounts of LSC differed significantly from each other. The calculated amounts of chondro itin sulfates (A+C+LSC), dermatan sulfate and heparan sulfate in three regular bands of these samples are shown in Table 7 .
DISCUSSION
It has been shown that urinary GAG are heterogeneous mixture of partially depolymerized and partially desulfated products of tissue GAG (Varadi et al. 1967; Orii 1968a Orii , b, 1972 Constantopoulos et al 1969; Murata et al. 1971; Ohkawa et al. 1972; Endo et al. 1974 Endo et al. , 1979 Endo et al. , 1980b . The results of a comprehensive study on urinary GAG showed the presence of hyaluronic acid, chondroitin sulfates and chondroitin, dermatan sulfate and dermatan, heparan sulfate and keratan sulfate in normal human urine (Endo et al. 1980b, c) . Moreover, the presence of various degree of the depolymerization products of each GAG and of wide range of the desulfated products of each sulfated GAG was suggested (Endo et al. 1980c ). These observations suggest that it is hard to investigate the detailed nature of each urinary GAG of a patient or a normal individual. Nevertheless, a simple and handy screening test for excretion pattern of urinary GAG is necessary to obtain a clue for the metabolic disorder of GAG in various CTD. If urinary GAG of a patient gave only three regular bands and a regular excretion pattern within the range of the normal percent distribution of bands 1, 2 and 3, a possibility of CTD can be ruled out. On the other hand, when urinary GAG of a patient gave irregular band(s), a possibility of metabolic change of GAG and/or glycoprotein could be considered. However, irregular bands were observed on electrophoretograms of urinary GAG from most of the pupils in junior high school and from several adults (Tables 2-6 ). Among these bands , the components in band 4 were suggested to be chondroitin sulfate-type GAG and those in bands 5-8 to be acidic glycopeptide nature. Although the precise nature of these components is under investigation and their origins are remained to be elucidated, it can be speculated that the irregular bands might be on account of special metabolites of acidic glycoproteins and/or GAG in actively metabolizing tissues. Because the samples from most of the pupils at puberty (Table 2) , from the patients with certain bone tumor and some other diseases gave irregular bands (Nagatsuka et al. 1978) . Since some of the samples from so-called healthy adults gave irregular bands, they received physical check and some of them were diagnosed as pregnancy, bone tumor and some other diseases (Nagatsuka et al. unpublished data). The remaining cases, which were not diagnosed yet, are only listed in Tables 3-6. On the other hand, when urinary GAG of a patient gave abnormal excretion pattern differed significantly from the normal range of percent distribution of bands 1, 2 and 3, a possibility of CTD might be considered.
In rheumatoid arthritis and some other CTD, we observed abnormal percent distribution of these three bands (Sato et al. unpublished data). It Ohkawa et al. (1972) studied urinary acidic GAG of the aged, in comparison with those of healthy young adults, by two-dimensional cellulose acetate membrane electrophoresis, followed by determination of the dye, which was released from the GAG-dye complex. However, color intensity of dye is not always proportional to the amounts of the GAG, because of extremely heterogeneous nature of urinary GAG. On the other hand, Taniguchi et al. (1975) reported electrophoretic and enzymatic characterization of urinary GAG for diagnosis of genetic mucopolysaccharidoses. Although the methods of Ohkawa et al. (1972) and Taniguchi et al. (1975) are useful for the analysis of urinary GAG in the field of clinical research, our screening test for excretion pattern of urinary GAG is more simple and handy than their methods.
